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FLOW SPREADING MECBLANIS^ ^ 

TECHNICAL FIELD * 

The present invention relates to a flow spreading mechanism, and more 
5 particularly, to a flow spreading mechanism used in a freezer or an air conditioner, 
etc., for enhancing the diffusion of cold or warm air. However, the flow spreading 
mechanism is not limited to the use in the freezer or the air conditioner, and can be 
used to enhance the diffusion of a discharged flow in any kinds of apparatus or 
systems, etc. having a flow outlet. 

10 

BACKGROUND ART 

Generally, a conventional flow outlet used in a refrigerator or an air 
conditioner is mostly a simple-ducted outlet that is simply opened at its one end. 
Sometimes, rotatable louvers are installed in the refrigerator or the air conditioner so 
15 as to change the discharging direction of the outlet at any time. 

However, the conventional flow outlet has problems as follows. 

First, in case of the simple-ducted outlet, flow is discharged in a 
predetermined direction only so that the heat transfer due to the flow just locally 
happens, and the flow is hardly diffused beyond the flow path into which the flow is 
2 0 normally discharged. As a result, only local cooling or heating occurs. Therefore, 
optimum cooling or heating cannot be effected because the uniform temperature 
distribution across the overall space cannot be expected. 

Next, in case of using rotatable louvers, a circularly reciprocating motion can 
be expected in such a manner that the louver moves automatically within a 
25 predetermined angle by an electrical motor, etc. In this case, the rotatable louvers . 
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change the discharging direction of the flow continuously so that the flow is 
diffused relatively uniformly and the heat transfer due to the flow can be achieved all 
over. However, the installation of the rotatable louvers require additional high 
expenses, and the expenses for its maintenance is increased. In the meantime, even 
5 when installing the rotatable louvers, the flow diffusion and the heat transfer due to 
the flow diffusion hardly occur beyond the range of the louver operation. Therefore, 
the conventional flow spreading mechanism has a limitation to fully provide uniform 
heat transfer. 

10 DISCLOSURE OF THE INVENTION 

Accordingly, the present invention is directed to a flow spreading 
mechanism that substantially obviates one or more of the problems due to limitations 
and disadvantages of the related art. 

An object of the present invention is to provide a flow spreading mechanism 
1 5 for diffusing the fluid discharged from an outlet to a much wider space in the up-and- 
down and/or right-and-left direction of the flow. 

Another object of the present invention is to provide a flow spreading 
mechanism enabling the fluid discharged from an outlet to be diffused and the heat 
due to the flow of the fluid to be transferred even to the place where the fluid could 
20 not directly reach due to the limitation caused by the size or the shape of the outlet or 
the deflection of the louver provided for the outlet. 

Additional features and advantages of the invention will be set fourth in the 
description which follows, and in part will be apparent from the description, or may 
be learned by practice of the invention. The objectives and other advantages of the 
2 5 invention will be realized and attained by the structure particularly pointed out in the 
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written description and claims thereof as well as the appended drawings. 

To achieve these and other advantages and in accordance with the purpose of 
the present invention, as embodied and broadly described herein, the flow spreading 
mechanism may include at least one inlet through which a fluid flow is introduced; a 
5 flow separating means for separating the fluid flow introduced through the at least 
one inlet into at least two fluid flows; and an outlet for discharging at least two of the 
at least two fluid flows, which are divided by the flow, separating means and joined 
together thereafter. 

In addition, complex vortices are formed adjacent to the outlet and thus, the 
1 0 fluid flow being discharged through the outlet swings while proceeding. 

To further achieve these and other advantages and in accordance with the 
purpose of the present invention, the flow spreading mechanism may be configured 
such that the outlet is installed in a space, and at least one sink is installed at a 
predetermined location inside the space, the sink comprising an opening for 
1 5 discharging the fluid inside the space to the outside. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary and explanatory and are intended to 
provide further explanation of the invention as claimed. 

2 0 BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are included to provide a further 
understanding of the invention and are incorporated in and constitute a part of this 
specification, illustrate embodiments of the invention and together with the 
description serve to explain the principles of the invention. 

2 5 In the drawings: 
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FIGs. 1A to 1C are schematic views of a flow spreading mechanism 
according to a first embodiment and its modification of the present invention; 

FIGs. 2A to 2K are schematic views of a flow spreading mechanism 
according to a second embodiment and its modification of the present invention; 
5 FIGs. 3 and 4 are schematic views of a flow spreading mechanism according 

to a third and a fourth embodiment of the present invention; 

FIGs. 5 A and 5B are photographs of experiment results of fluid movements 
discharged from a conventional simple-ducted outlet and from the flow spreading 
mechanism of the fourth embodiment of the present invention respectively; 
1 0 FIGs. 6 A and 6B are illustrations of flow field simulation results in the space 

having an outlet installed therein, with the conventional simple-ducted outlet and the 
fourth embodiment of the present invention respectively; and 

FIG. 7 is a schematic view of a flow spreading mechanism according to a 
fifth embodiment of the present invention. 

15 

BEST MODE FOR CARRYING OUT THE INVENTION 

Reference will now be made in detail to the preferred embodiments of the 
present invention, examples of which are illustrated in the accompanying drawings. 

FIG. 1 A is a schematic view of a flow spreading mechanism according to a 
2 0 first embodiment of the present invention. 

Referring to FIG. 1A, the flow spreading mechanism according to a first 
embodiment of the present invention includes two conduits 10 each having an inlet 
20, which are constructed to meet at a point, and a flow outlet 30 formed at the point 
where the two conduits meet. The two conduits are, as a whole, substantially U- 
2 5 shaped. 
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With reference to FIG. 1 A, the operation of the flow spreading mechanism 
according to the first embodiment of the present invention is illustrated. The flows 
introduced through the inlets 20 and flowing along each conduit 10 collide with each 
other right prior to being discharged through the outlet 30 to thereby form an 
5 unsteady-state chaos flow. The chaos flow includes a plurality of large and small 
vortices, and thus the flow discharged through the outlet 30 swings right-and-left, so 
that the flow is spread right-and-left. 

The flow spreading effect in the present embodiment can be optimized when 
the flow rates of the respective flows flowing through the two conduits 10 are the 
1 0 same, which means that the flow speeds of the respective flows flowing through the 
two conduits 10 are the same when the two conduits 10 are made with the same 
shape and dimension or have at least the same cross-sectional area of the flow path. 
When the flow rates of the flows through the two conduits 10 are not the same and 
have a large difference, the state of the flow discharged through the outlet 30 depends 
15 on the state of the flow with the higher flow rate. Therefore, the interaction 
between the two flows is weak, and thus the discharged flow is weakly or hardly 
vibrated. 

FIGs. IB and 1C are views of the modifications of the first embodiment of 
the FIG. 1A, and the two conduits 10 are a straight line-shape and a V-shape 
2 0 respectively as a whole. 

In the meantime, though, in the embodiments of FIGs. 1A to 1C, two 
conduits are configured to have their own inlets, two conduits with one common inlet 
will operate substantially the same way and substantially the same result will be 
obtained. 

25 FIG- 2A is a schematic view of a flow spreading mechanism according to a 
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second embodiment of the present invention. 

Referring to FIG. 2A, the flow spreading mechanism of the present 
embodiment includes a conduit 100 having an inlet 200 and an outlet 300, and a 
blunt body 110 placed inside the conduit 100 and forming two separated flow paths 
5 therein. In the embodiment of the drawing, the blunt body 110 is formed of a plate 
which is installed perpendicular to the streamline, and forms two separated flow 
paths, though extending over only a short distance, on the right and left of the blunt 
body 110. 

With reference to FIG. 2A, the operation of the flow spreading mechanism 

1 0 according to the second embodiment of the present invention is illustrated as follows. 
In the present embodiment, upon considering that one flow is temporarily divided 
into two by means of the blunt body 110, and the separated flow paths are joined 
again into one flow path, it is difficult to expect the creation of the vortices by the 
collision of the flows flowing the two separated flow paths, unlike the first 

15 embodiment. However, adverse pressure gradient is formed in a flow boundary 
layer formed on the surface of the blunt body 110 by the existence of the blunt body 
110, and thereby the flow flowing through the conduit 100 separates at a point on the 
blunt body 110. As a result, vortices are formed after the separation point, and it 
becomes possible to form a flow which swings while proceeding by the vortices 

20 formed at the both back sides 115 of the blunt body 110. In other words, 
substantially two vortices are formed at the both back sides 115 of the blunt body 
110;the two vortices are variable in their size and intensity while having a constant 
frequency which is determined by an introduction rate of the flow, and a shape and 
size of the blunt body 110;the discharged flow thus swings right-and-left while 

2 5 proceeding. 
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The blunt body can be' constructed to form a separated flow path only in a 
part of the conduit or to be placed along a greater length of the conduit However, 
for the purpose of the present invention, it is sufficient to form separated flow paths 
in a part of the conduit, which is more preferable. Meanwhile, to obtain a 
5 maximum fluid spreading effect by the flow generated by the interference between 
the two vortices and sWinging while proceeding, it is preferable to locate the outlet 
right after the point where the interference between the two vortices occurs. In 
other words, it is preferable to locate the. outlet of the conduit adjacent to a point 
where the two separated flow paths formed by the blunt body 110 meet. 
10 In case toa* a blunt body is provided inside the conduit as above, the 

resistance against the flow is increased several times greater than that in a simple- 
ducted outlet, so that energy loss is increased. Therefore, it is necessary to select a 
blunt body having a shape to provide a smaller drag coefficient. 

FIGs. 2B to 2K are views of the various modifications of the second 
15 embodiment of FIG. 2, and illustrate the flow spreading mechanism of the present 
invention employing a blunt body having various cross-sectional shapes. 

The blunt bodies in FIGs. 2B to 21, which have sharp edges, have mostly 
constant drag coefficients at Reynolds Nos. above about 10 4 because they create 
separation regardless of the characteristics of flow boundary layers, i.e., 
20 laminar/turbulent boundary layers generated on the surface of the blunt body, just 
like the plate of FIG. 2A. The drag coefficient of the plate perpendicular to the 
direction of the flow illustrated in FIG. 2A is 2.0, as is widely known, and the 
rectangular-shaped blunt body in the cross-section in FIG. 2B, which is installed to 
make its one side perpendicular to the direction of the flow, also has 2.0 of drag 
2 5 coefficient. However, the closer to streamline-shape a blunt body is, the lower drag 
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coefBcient it has. The blunt bodies illustrated in FIGs. 2C, 2D, 2F, 2H have 1.50, 
1.40, 1.20, 1.20 of drag coefficients respectively. In case of a round-shaped and an 
oval-shaped blunt body in the cross-section illustrated in FIGs. 2J and 2K, drag 
coefficient can be varied depending on whether the flow boundary layer is a laminar 
5 boundary layer, or a turbulent boundary layer. Even in case that a laminar boundary 
layer is formed, the drag coefficient is generally less than the above values, and in 
case that a turbulent boundary layer is formed, the drag coefficient can be much less 
than the above. Therefore, the drag coefficient can be reduced to much lower 
values by forming a plurality of small protrusions or dimples on the surface of the 
10 blunt body. 

FIG. 3 is schematic view of a flow spreading mechanism according to a third 
embodiment of the present invention. 

Referring to FIG. 3, in the present embodiment, ends 120 of the outlet 300 in 
the conduit 100 are bent inwardly so that the two flows, which pass by the both sides 
15 of the blunt body 110, change their directions and collide with each other right before 
being discharged through the outlet 300. The present invention uses a plate as a 
blunt body, but any shape can be employed for the blunt body as mentioned in the 
second embodiment. In addition, in the present embodiment, the ends 120 of the 
conduit 100 are constructed to make the two flows having passed by the both sides of 
2 0 the blunt body 113 proceed facing each other in one straight line and then, collide 
with each other, but it is possible to make the ends 120 of the conduit 100 such that 
the two flows collide with each other at a predetermined angle other than 180 
degrees. 

According to the present embodiment, the swing of the discharged flow can 
25 be increased by making the' two flows, which pass by the both sides 113 of the blunt 



WO 2004/051165 PCT/KR2002/002272 

-9- 

body 110 and form vortices at the both back sides 115 of the blunt body 110, 
collide with each other, thus forming stronger vortices. 

FIG. 4 is a schematic view of a flow spreading mechanism according to a 
fourth embodiment of the present invention, which is an improvement of the third 
5 embodiment. 

Referring to FIG. 4, a flow spreading mechanism is constructed such that the 
flow path right before the outlet 300 is narrower than the flow path bypassing the 
both sides 113 of the blunt body 110 by placing the blunt body 110 in the 
. embodiment of FIG. 3 closer to the outlet 300. In the embodiment as shown in FIG. 
0 4, the conduit 100 connected with the inlet 200 is configured such that it becomes 
greater in width from a position right before the position where the blunt body 110 is 
placed, to form a neck 130, but it may be configured to have a constant width as 
shown in FIG. 3. 

According to the present embodiment, the flow path from the both sides 113 
5 of the blunt body 1 1 0 to the position right before the outlet 300 functions as a kind of 
nozzles, thereby accelerating each flow flowing through the separated flow paths and 
forming two jets. The two jets collide with each other in a straight line or at a 
predetermined angle, as in the third embodiment, to increase the static pressure of the 
flow in the portion 310 right before the outlet 300 above atmospheric pressure and 
0 form unsteady-state flow. Combined with the vortices formed by separation, this * 
forms two even stronger vortices at the both back sides 115 of the blunt body 110. 
The two vortices are varied in size and intensity at a frequency determined by the 
speed of the introduced flow and the thickness of the plate, and thus the static 
pressure is varied. As a result, a flow which swings right-and-left while proceeding at 
5 a constant frequency is discharged through the outlet 300. 



WO 2004/051165 PCT/KR2002/002272 

-10- 

FIGs. 5A and 5B are photographs of discharged flows obtained in the 
conventional simple-ducted outlet and the flow spreading mechanism of the present 
embodiment. In the meantime, unlike the cases in FIGs. 5A and 5B, which show 
only the neighborhood of the outlet, FIGs. 6A and 6B show results of flow field 
5 simulations in a space in which the outlet is installed, with the conventional simple- 
ducted outlet and the flow spreading mechanism of the present embodiment, 
resectively. It should be noted that the flow fields of FIGs. 6A and 6B are for a 
construction including a sink from a fifth embodiment of the present invention, 
which is described later. 
1 0 The spreading width of the flow at a location away from the outlet 300 as far 

as 3.5 times the width of the outlet along the movement direction of the discharged 
flow, i.e., the width in which the flow has a speed above the steady-state speed of the 
discharged flow was measured, and the result was that the width was increased by 30 
- 60% compared with the case of using the simple-ducted outlet. In addition, it 
15 turned out that increase in Reynolds No. increases the spreading width of the flow, 
with the rate of increase lowering above a certain Reynolds No. (about 1,400). 

Meanwhile, in order to optimize the results, the width D 0 of the conduit 100 
before the neck 130, the width D of the plate 110, and the width D 2 of the outlet 300 
are preferably made to be all the same, and also the length H 2 of the conduit 100 after 
20 the neck 130 and the width D 3 of the conduit 100 after the neck 130 are made 1 to 
1.5 times and 2 to 2.5 times greater than the width D 0 of the conduit 100 before the 
neck 130, respectively. In addition, the length Hi between the plate 110 and the 
outlet 300 is preferably made about 0.5 times greater than the width D 0 of the conduit 
100 before the neck 130. 
25 The flow, which is discharged from the outlet of the flow spreading 
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mechanism in the above first to fourth embodiments and swings while proceeding, 
spreads over a wider area than in the case of the conventional simple-ducted outlet, 
but cannot spread in the overall space in case that the space in which the flow 
spreading mechanism is installed is much larger compared with the swing of the flow. 
5 An additional structure is necessary to spread the flow beyond the swing width or 
area, so the heat is transferred throughout the entire space. 

The flow spreading mechanism schematically illustrated in FIG. 7 according 
to the fifth embodiment of the present invention is constructed to improve the 
diffusion of the discharged flow by adding another element to the construction of the 
1 0 first to the fourth embodiment. 

Referring to FIG. 7, two sinks 400 are further installed in a space 500 in 
which the flow spreading mechanism of the first to the fourth embodiment of the 
present invention is installed, and two sinks are provided to face each other in a line 
traverse to the moving direction of the flow discharged through the outlet 300, and 
15 the two sinks 400 include openings. More than one outlets 300 can be installed, 
and/or one or more than two sinks 400 can be installed for a better uniformity of the 
flow diflusion and the resulting heat transfer inside the space 500. In case that the 
outlet 300 is installed in the middle of one wall of the space 500, it is preferable, for 
uniform heat transfer, to install a pair of sinks 400 to face each other in a line traverse 
20 to the moving direction of the flow discharged through the outlet 300, as shown in 
FIG.5. 

The operation of the embodiment is illustrated below referring to FIG. 7. 
The flow discharged from the outlet 300 substantially goes straight with swing right- 
and-left, hits the wall 510 of the other side, moves along the wall, hit again the wall 
25 corner 520, and moves along the wall 530 in the direction opposite to the discharged 
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direction. . Without the sinks 400, the flow cannot spread Mly across the space 
and will disappear halfway because of the loss of energy due to two times of hitting 
of the flow against the walls and because of the resistance against the air pressure 
inside the space. However, with the existence of the sinks 400, the air inside the 
5 space is dispelled out through the sinks 400 so that the resistance of the flow against 
the air becomes weaker, and the flow even if it hits the walls two times, can move to 
the sinks 400, and can be discharged through the sinks 400. Therefore, efficient 
heat transfer can be uniformly performed all the way across the space. 

In the combination structure of the flow spreading mechanism as shown in 
10 FIG. 4 and the sinks, the width of the opening of the sinks is preferably made the 
same as the width D of the plate 1 1 0 of FIG. 4 to achieve the optimized effect. 

INDUSTRIAL APPLICABILITY 

According to the flow spreading mechanism of the present invention, the 

15 flow discharged through the outlet swings up-and-down or right-and-left while 
proceeding so that the diffusion of the flow is enhanced, and the heat can be 
transferred over a much wider space than in the case of employing the simple-ducted 
outlet Therefore, a more uniform temperature distribution can be achieved by 
discharging a cold or warm air flow using the flow spreading -mechanism. In the 

20 meantime, according to the flow spreading mechanism including a sink(s) having an 
opening, the flow can be more uniformly diffused even to the portion where the heat 
transfer due to the flow is hardly made even by the flow with swing, so as to improve 
the temperature uniformity. Therefore, problems of a partial freezing or little effect 
of refrigerating reservation due to the non-uniform supply of coldness in a 

2 5 refrigerator can be solved. Also, in case of an air conditioner or an air conditioning 
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sy stem, installed indoors, a uniform supply of coldness or warmth can be achieved 
so as to provide a more pleasant environment condition. 

While the present invention has been described and illustrated herein with . 
reference to the preferred embodiments thereof, it will be apparent to those skilled in 
5 the art that various modifications and variations can be made therein without 
departing from the spirit and scope of the invention. Thus, it is intended that the 
present invention covers the modifications and variations of this invention that come 
within the scope of the appended claims and their equivalents. 



